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There is provided a transfer apparatus having a bridge that 
_ transfers a transaction between a ?rst and a second bus, and 

(73) AsslgneeZ CANON KABUSHIKI KAISHA> a data transfer unit that performs a data transfer by DMA 
Tokyo (JP) between the ?rst and second bus. The transfer apparatus 

controls a transfer sequence of transaction transfers by the 
_ bridge and data transfers by the data transfer unit, in Which 

(21) Appl' NO" 11/806’101 transaction transfers by the bridge are based on bus sequenc 
ing rules and data transfers by the data transfer unit are based 

(22) Filed: May 30, 2007 on a data transfer activation condition. 
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TRANSFER APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a transfer apparatus 
and a method that performs transaction transfers and data 
transfers by DMA betWeen a ?rst and a second bus. 
[0003] 2. Description of the Related Art 
[0004] In a system that simultaneously actuates a DMA 
function and a bridge function With a PCI bridge, it is 
necessary to ensure a problem does not occur in the PCI 
transaction sequence. Conventionally, to achieve this, either 
the communication paths are consolidated in the bridge or, 
alternatively, protocols are separately provided for the 
bridge and the DMA to eliminate the dependency relation 
betWeen the bridge function and the DMA function. 
[0005] For instance, bridges have been disclosed that 
operate as a path A and a path B using tWo protocols (for 
example, see US. Pat. No. 6,675,251). 
[0006] According to the disclosure in US. Pat. No. 6,675, 
251, since there is no relation betWeen paths A and B even 
When path A is taken as a bridge and path B is taken as a 
DMA, the operations observe the sequences of the respec 
tive paths, and there is no relation betWeen the operations of 
the bridge and the DMA. 
[0007] In a case in Which a bridge and a DMA are simply 
mounted on a single chip and transaction sequence control 
is performed by merely outputting in the input sequence, the 
folloWing problem exists. There are some bridges in Which 
the PCI sequencing rules alloW a Write transaction to pass 
out a read transaction. In this case, When a transaction is a 
read transaction, although a DMA that is equivalent to a 
Write is alloWed to pass out a read, the DMA is made to Wait 
Without passing out the read. Further, even in a case Where 
a DMA transfer is enabled at an input bus, When an operating 
condition cannot be established at an output bus and the 
operation cannot be performed, a bridge transaction is made 
to Wait. 

[0008] In this case, the term “DMA operating condition” 
refers to acquisition of a DMA address (destination address) 
on the output bus side, and it is based on the premise of a 
system in Which the DMA address of the output bus is set at 
the output bus. 
[0009] In this connection, When setting the destination 
address of the output bus side on the input side, it is 
necessary to bind the degree of freedom of mapping of 
memory addresses at the output bus or to continuously 
notify a CPU or the like on the input bus of a valid address 
for DMA on the output bus. 
[0010] There is also a method that incorporates a DMA 
address into the DMA from a descriptor of the output bus in 
order to establish a DMA transfer While retaining the degree 
of freedom of address mapping. According to that method, 
even if the DMA is enabled at the input bus, since it is not 
necessarily the case that a DMA address can be acquired at 
the output bus, the DMA operating condition is not estab 
lished When the DMA address cannot be acquired, and a 
DMA Wait state occurs. 

SUMMARY OF THE INVENTION 

[0011] The present invention realiZes to improve perfor 
mance for transaction transfers and data transfers by DMA 
that are performed betWeen a ?rst and a second bus. 
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[0012] According to one aspect of the present invention, 
there is provided a transfer apparatus comprising: a bridge 
unit adapted to transfer transactions betWeen a ?rst and a 
second bus; a data transfer unit adapted to perform a data 
transfer by DMA betWeen the ?rst and the second bus; and 
a sequence control unit adapted to control a transfer 
sequence of transaction transfers by the bridge unit and data 
transfers by the data transfer unit, in Which the transaction 
transfers by the bridge unit are based on bus sequencing 
rules and the data transfers by the data transfer unit are based 
on a data transfer activation condition. 

[0013] According to another aspect of the present inven 
tion, there is provided a transfer apparatus comprising: a 
transaction transfer unit adapted to transfer a transaction 
betWeen a ?rst and a second bus; a data transfer unit adapted 
to perform a data transfer by DMA betWeen the ?rst and the 
second bus; and an enable unit adapted to enable a Write 
transaction When an activation condition that is imposed on 
a data transfer that is assigned a higher priority than the Write 
transaction is not established. 
[0014] Further features of the present invention Will 
become apparent from the folloWing description of exem 
plary embodiments (With reference to the attached draW 
ings). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a vieW shoWing one example of the 
con?guration of a data transfer apparatus according to one 
embodiment; 
[0016] FIG. 2 is a ?owchart illustrating entry reception 
processing at a sequence control unit 110; and 
[0017] FIG. 3 is a ?owchart illustrating sequence control 
processing at the sequence control unit 110. 

DESCRIPTION OF THE EMBODIMENTS 

[0018] Hereunder, a preferred embodiment for implement 
ing the invention is described in detail While referring to the 
draWings. 
[0019] In this embodiment, When simultaneously operat 
ing a bridge and a DMA, the sequence of transfer operations 
of each is made to conform to PCI rules to eliminate 
unnecessary Wait times. 
[0020] FIG. 1 is a vieW shoWing one example of the 
con?guration of a data transfer apparatus according to the 
present embodiment. In FIG. 1, reference numeral 101 
denotes a ?rst PCI bus and reference numeral 119 denotes a 
second PCI bus. Reference numeral 102 denotes a data 
transfer apparatus that operates on the basis of a sequence 
control method according to the present embodiment. 
[0021] In the data transfer apparatus 102, reference 
numeral 103 denotes a PCI interface (I/F) unit. Reference 
numeral 104 denotes an internal bus that connects the PCI 
I/F unit 103 and a DMA unit 107 to be described later. 
Reference numeral 105 denotes an END signal. The END 
signal 105 is output from the PCI I/F unit 103 to a sequence 
control unit 110, described later, at the end of transfer of the 
?rst PCI bus 101. Reference numeral 106 denotes an internal 
bus that connects the PCI I/F unit 103 and a bridge 115 that 
is described later. 
[0022] Reference numeral 107 denotes a DMA unit. The 
DMA unit 107 comprises a logic circuit for DMA transfer 
and a buffer that holds data at the time of a DMA transfer. 
Reference numeral 108 denotes a DMA transfer enable 
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signal. The DMA transfer enable signal 108 is output to the 
DMA unit 107 from a sequence control unit 110, described 
later, to notify the DMA unit 107 that DMA transfer is 
enabled. Reference numeral 109 denotes a DMA transfer 
entry signal and a DMA activation condition signal. The 
DMA transfer entry signal is a signal that noti?es the 
sequence control unit 110 that is described later to generate 
a DMA transfer With respect to the ?rst PCI bus 101. The 
DMA activation condition signal is noti?ed When data to be 
transferred to the PCI l/F unit 103 is de?ned. 
[0023] Further, the DMA unit 107 processes data and 
DMA commands that are input from an internal bus 116, and 
transfers DMA data to an internal bus 104. The DMA unit 
107 also performs recognition of a DMA enable signal 108 
and generation of a DMA transfer entry signal 109 for 
managing a DMA transfer sequence at the sequence control 
unit 110 that is described later. 
[0024] Reference numeral 110 denotes a sequence control 
unit. The sequence control unit 110 controls the issue 
sequence of DMA transfers and bridge transfers With respect 
to the ?rst PCI bus 101. The sequence control unit 110 has 
an entry With a queue structure, and by assertion of a DMA 
entry transfer signal 109 or a bridge transfer entry signal 114 
that is described later, a DMA transfer or a bridge transfer is 
registered in a queue 110Q. 
[0025] In the sequence control unit 110, reference numeral 
111 denotes a DMA activation condition recognition unit. 
The DMA activation condition recognition unit 111 recog 
niZes Whether or not a DMA transfer by the DMA unit 107 
ful?lls an activation condition on the ?rst PCI bus 101. The 
activation condition is Whether it has been possible to 
acquire a DMA address on the ?rst PCI bus 101. The DMA 
address is acquired by a descriptor of the ?rst PCI bus 101. 
Reference numeral 112 denotes a PCI command recognition 
unit. The PCI command recognition unit 112 identi?es 
Whether a transfer of a bridge that is described later is a read 
or a Write transaction, and utiliZes the result for an enable 
generation decision of the sequence control unit 110. 
[0026] Reference numeral 113 denotes a bridge transfer 
enable signal. The bridge transfer enable signal 113 is output 
from the sequence control unit 110 to a bridge 115, described 
later, to notify the bridge 115 that a bridge transfer is 
enabled. Reference numeral 114 denotes a bridge transfer 
entry signal. The bridge transfer entry signal 114 noti?es the 
sequence control unit 110 that a bridge transfer is to be 
executed. Reference numeral 115 denotes a bridge. Upon 
receiving a bridge transfer from a PCI l/F unit 117, the 
bridge 115 performs a bridge transfer to the PCI l/F unit 103. 
[0027] The bridge 115 comprises a logic circuit that per 
forms an address conversion When performing a bridge 
transfer, and a buffer for storing bridge transfer data. The 
bridge 115 also performs recognition of the bridge transfer 
enable signal 113 and generation of the bridge transfer entry 
signal 114 for managing the bridge transfer sequence at the 
sequence control unit 110. 
[0028] Reference numeral 116 denotes an internal bus that 
connects the PCI l/F unit 117 and the DMA unit 107. 
Reference numeral 117 denotes a PCI l/F unit. The PCI l/F 
unit 117 performs input of a bridge transfer transaction from 
the second PCI bus 119. The PCI l/F unit 117 also performs 
input of data by a DMA operation and registry read/Write for 
the setting and activation of a DMA operation of the DMA 
unit 107. Reference numeral 118 denotes an internal bus that 
connects the bridge 115 and the PCI l/F unit 117. 
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[0029] Further, the PCI l/F unit 103 performs a DMA 
transfer from the DMA unit 107 to the ?rst PCI bus 101, and 
outputs an END signal 105 to the sequence control unit 110 
When the transfer ends. The PCI l/F unit 103 also performs 
a bridge transfer from the bridge 115 to the ?rst PCI bus 101, 
and outputs the END signal 105 to the sequence control unit 
110 When the transfer ends. 

[0030] The data transfer apparatus 102 has a con?guration 
such that there is one set of con?guration (hoWever, not 
shoWn) that is the same as the con?guration shoWn in FIG. 
1 When the ?rst PCI bus 101 and the second PCI bus 119 are 
vieWed in the opposite manner. 

[0031] Next, the entry reception processing of the 
sequence control unit 110 When performing a DMA transfer 
or a bridge transfer from the second PCI bus 119 to the ?rst 
PCI bus 101 With the DMA unit 107 or the bridge 115 is 
described. 

[0032] FIG. 2 is a ?owchart illustrating entry reception 
processing at the sequence control unit 110. First, upon the 
DMA unit 107 receiving a DMA activation command and 
data for transferring to the ?rst PCI bus 101 from the second 
PCI bus 119 via the PCI l/F unit 117, the DMA unit 107 
stores the data in a buffer of the DMA unit 107. Upon 
completing storage of the data, the DMA unit 107 asserts the 
DMA transfer entry signal 109 to the sequence control unit 
110. 

[0033] When the sequence control unit 110 recogniZes the 
DMA transfer entry signal 109 that is asserted by the DMA 
unit 107 (S201), the sequence control unit 110 registers an 
entry in the internal queue 110Q (S202). 
[0034] Further, When the sequence control unit 110 rec 
ogniZes a bridge transfer entry signal 114 that is asserted by 
a PCI command from the bridge 115 in a similar manner to 
the DMA unit 107 (S201), the sequence control unit 110 
registers an entry in the internal queue 110Q (S202). 
[0035] Accordingly, regarding the entry reception pro 
cessing at the sequence control unit 110, there is no differ 
ence With respect to the DMA unit 107 and the bridge 115. 

[0036] Next, the processing When the sequence control 
unit 110 receives an entry from the DMA unit 107 or the 
bridge 115 and performs sequence control to generate an 
enable signal is described. In this case, the enable signal is 
a DMA enable signal or a PCI command read or Write 
transaction enable signal. 
[0037] FIG. 3 is a ?owchart illustrating sequence control 
processing at the sequence control unit 110. First, the 
sequence control unit 110 checks Whether or not there is a 
transfer Waiting for an END based on the internal queue 
110Q (S301). If the sequence control unit 110 determines as 
a result that there is no transfer Waiting for an END, the 
sequence control unit 110 proceeds to step S304. If there is 
a transfer, the sequence control unit 110 Waits until transfer 
is completed at the PCI l/F unit 103 and the END signal 105 
is output (S302). Thereafter, When the END signal 105 is 
output (YES at S302), the sequence control unit 110 deletes 
the transfer that has been Waiting for an END from the 
internal queue 110Q. 
[0038] Next, the sequence control unit 110 checks Whether 
or not there is a DMA or a Write transaction in the internal 

queue 110Q (S304). When the sequence control unit 110 
?nds as a result that there is neither a DMA nor a Write 

transaction (NO at S304), it generates an enable signal for a 
read transaction (S308) and returns to step S301. 
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[0039] When the sequence control unit 110 ?nds that there 
is a DMA or a Write transaction (YES at S304), it checks the 
sequence in the internal queue 110Q to con?rm Whether a 
DMA is entered before a Write transaction (S305). If the 
DMA is entered before the Write transaction (YES at S305), 
the sequence control unit 110 checks Whether or not the 
DMA activation condition is established (S306). In this case, 
the sequence control unit 110 checks Whether or not the 
DMA activation condition is established at the DMA acti 
vation condition recognition unit 111 using the DMA trans 
fer entry signal 109. If the sequence control unit 110 ?nds as 
a result that the DMA activation condition is established 
(YES at S306), it generates an enable signal for the DMA 
(S307) and returns to step S301. In this connection, the 
DMA activation condition is Whether a DMA address could 
be acquired on the ?rst PCI bus 101 that Will be the output 
side of the DMA transfer or the like. 
[0040] In contrast, When the Write transaction comes 
before the DMA (NO at S305), the sequence control unit 110 
generates an enable signal for the Write transaction (S309) 
and returns to step S301. 
[0041] As described above, since a Write that can pass out 
a read is given precedence and is enabled by the processing 
of steps S304QS305—>S309, a Write transaction can be 
completed Without Waiting for a read transaction that is sloW 
to complete. Thus, performance can be enhanced. 
[0042] Further, the operation also proceeds to step S309 
When the DMA activation condition is not established at step 
S306, so that a Write transaction can pass out a DMA that is 
sloW to complete. Thus, performance can be enhanced. 
[0043] According to the present embodiment, the appara 
tus recogniZes not only the transaction input order of a ?rst 
bus and a second bus, but also Whether a bridge transfer 
command is a read command or a Write command. Alter 
natively, by checking a DMA activation condition such as 
the Wait for de?ning a DMA address of a bus as the output 
side of a DMA transfer, a decline in performance due to a 
data or status delay can be prevented. 
[0044] The present invention may either be applied to a 
system composed of a plurality of apparatuses (eg a host 
computer, interface equipment, a reader, and a printer) or to 
a single apparatus (eg a copying machine, a facsimile 
machine, or the like). 
[0045] It is to be understood that the object of the present 
invention may also be accomplished by supplying a system 
or an apparatus With a storage medium in Which a program 
code of softWare Which realiZes the functions of the above 
described embodiment is stored, and causing a computer (or 
CPU or MPU) of the system or apparatus to read out and 
execute the program code stored in the storage medium. 
[0046] In this case, the program code itself read from the 
storage medium realiZes the functions of the above 
described embodiment, and hence the program code and the 
storage medium in Which the program code is stored con 
stitutes the present invention. 
[0047] Examples of the storage medium for supplying the 
program code include a ?oppy (registered trademark) disk, 
a hard disk, an optical disk, a magnetic-optical disk, a 
CD-ROM, a CD-R, a magnetic tape, a non-volatile memory 
card, and a ROM. 
[0048] Further, it is to be understood that the functions of 
the above described embodiment may be accomplished not 
only by executing a program code read out by a computer, 
but also by causing an OS (operating system) or the like 
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Which operates on the computer to perform a part or all of 
the actual operations based on instructions of the program 
code. 
[0049] Further, it is to be understood that the functions of 
the above described embodiment may be accomplished by 
Writing a program code read out from the storage medium 
into a memory provided on an expansion board inserted into 
a computer or in an expansion unit connected to the com 
puter and then causing a CPU or the like provided in the 
expansion board or the expansion unit to perform a part or 
all of the actual operations based on instructions of the 
program code. 
[0050] While the present invention has been described 
With reference to exemplary embodiments, it is to be under 
stood that the invention is not limited to the disclosed 
exemplary embodiments. The scope of the folloWing claims 
is to be accorded the broadest interpretation so as to encom 
pass all such modi?cations and equivalent structures and 
functions. 
[0051] This application claims the bene?t of Japanese 
Patent Application No. 2006-168121, ?led Jun. 16, 2006, 
Which is hereby incorporated by reference herein in its 
entirety. 
What is claimed is: 
1. A transfer apparatus, comprising: 
a bridge unit adapted to transfer a transaction betWeen a 

?rst and a second bus; 
a data transfer unit adapted to perform a data transfer by 
DMA betWeen said ?rst and second bus; and 

a sequence control unit adapted to control a transfer 
sequence of transaction transfers by said bridge unit 
and data transfers by said data transfer unit, Wherein a 
transaction transfer by said bridge unit is based on bus 
sequencing rules and a data transfer by said data 
transfer unit is based on a data transfer activation 
condition. 

2. The apparatus according to claim 1, Wherein the data 
transfer activation condition is acquisition of an address of 
a bus that is a transfer destination of the data transfer. 

3. The apparatus according to claim 1, Wherein an address 
of a bus that is a transfer destination of the data transfer is 
acquired using a descriptor of said bus. 

4. A transfer method in a transfer apparatus comprising a 
bridge adapted to transfer a transaction betWeen a ?rst and 
a second bus and a data transfer unit adapted to perform a 
data transfer by DMA betWeen said ?rst and second bus, 
comprising: 

deciding bus sequencing rules; 
deciding a data transfer activation condition; and 
controlling a transfer sequence of transaction transfers by 

said bridge and data transfers by said data transfer unit, 
Wherein a transaction transfer by said bridge is based 
on the bus sequencing rules and a data transfer by said 
data transfer unit is based on the data transfer activation 
condition. 

5. The method according to claim 4, Wherein the data 
transfer activation condition is acquisition of an address of 
a bus that is a transfer destination of the data transfer. 

6. The method according to claim 4, Wherein an address 
of a bus that is a transfer destination of the data transfer is 
acquired using a descriptor of said bus. 

7. A transfer apparatus, comprising: 
a transaction transfer unit adapted to transfer a transaction 

betWeen a ?rst and a second bus; 
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a data transfer unit adapted to perform a data transfer by 
DMA between said ?rst and second bus; and 

an enable unit adapted to enable a Write transaction When 
an activation condition that is imposed on a data 
transfer that is assigned a higher priority than the Write 
transaction is not established. 

8. The apparatus according to claim 7, Wherein the 
activation condition is acquisition of an address of a bus that 
is a transfer destination of the data transfer. 

9. The apparatus according to claim 7, Wherein said 
enable unit assigns a higher priority than a read transaction 
to a data transfer. 

10. A transfer method in a transfer apparatus comprising 
a transaction transfer unit adapted to transfer a transaction 
betWeen a ?rst and a second bus and data transfer unit 

Jan. 3, 2008 

adapted to perform a data transfer by DMA betWeen said 
?rst and second bus, comprising: 

detecting a data transfer that is assigned With a higher 
priority that a Write transaction, and enabling the Write 
transaction When an activation condition imposed on 
the data transfer that is detected is not established. 

11. The method according to claim 10, Wherein the 
activation condition is acquisition of an address of a bus that 
is a transfer destination of the data transfer. 

12. The method according to claim 10, further comprising 
assigning a higher priority than a read transaction to a data 
transfer. 


